Abstract: This study evaluated: I) the effect of photo-activation through ceramics on the degree of conversion (DC) and on the Knoop hardness (KHN) of light-and dual-cured resin cements; and II) two different protocols for obtaining the spectra of uncured materials, to determine the DC of a dual-cured resin cement. Thin films of cements were photoactivated through ceramics [feldspathic porcelain (FP); lithium disilicate glass-ceramics of low translucency (e.max-LT), medium opacity (e.max-MO) and high translucency (e.max-HT); glass-infiltrated alumina composite (IC) and polycrystalline zirconia (ZR)] with thicknesses of 1.5 and 2.0 mm. DC was analyzed by Fourier transform infrared (FTIR) spectroscopy. Two protocols were used to obtain the spectra of the uncured materials: I) base and catalyst pastes were mixed, and II) thin films of base and catalyst pastes were obtained separately, and an average was obtained. KHN assessment was performed with cylindrical specimens. The results were analyzed by ANOVA and Tukey's test (α = 0.05). The light-cured cement showed higher DC (61.9%) than the dual-cured cement (55.7%). The DC varied as follows: FP (65.4%), e.max-HT (65.1%), e.max-LT (61.8%), e.max-MO (60.9%), ZR (54.8%), and IC (44.9%). The light-cured cement showed lower KHN (22.0) than the dual-cured (25.6) cement. The cements cured under 1.5 mm spacers showed higher KHN (26.2) than when polymerized under 2.0 mm ceramics (21.3). Regarding the two protocols, there were significant differences only in three groups. Thus, both methods can be considered appropriate. The physical and mechanical properties of resin cements may be affected by the thickness and microstructure of the ceramic material interposed during photo-activation.
Introduction
All-ceramic restorations have become popular because of their excellent esthetics, high color stability, wear resistance, and biocompatibility. 1, 2 Even though the mechanical and optical properties of the ceramic materials are important, many variables may contribute to the predictability and clinical longevity of all-ceramic restorations, including the adhesive and luting system used, the curing mechanism, the light-curing unit, and the microstructure and thickness of the ceramic. 3 Resin cements are necessary to bond porcelain and glass-ceramic restoDeclaration of Interests: The authors certify that they have no commercial or associative interest that represents a conflict of interest in connection with the manuscript.
rations to ensure high strength, 4 better esthetics and longer clinical survival. 5 In some situations, lightcured resin cements have been indicated, because of their color stability and longer working time. 6 However, their maximum degree of conversion (DC) cannot be ensured in situations where light has been attenuated. Therefore, dual-cured luting materials are good options. 7 However, some studies have demonstrated that they depend on photo-activation to reach high DC and good mechanical properties. 8, 9 The light transmission through a ceramic restoration may affect the degree of polymerization of light-or dual-cured resin cements, because the amount of light that reaches the cement layer is decreased. 10 In general, the factors affecting light transmission through a ceramic material include the thickness and shade of the ceramic material, its microstructure, and the presence of defects and porosities. 11, 12 Thus, it is important to understand that the performance of light-and dual-cured resin cements will be determined by the amount of light that is transmitted through the restoration and that is able to reach the luting material.
The objectives of this study were: I. to evaluate the effect of photo-activation through different ceramic spacers of 1.5 and 2.0 mm thickness on the DC and Knoop hardness number (KHN) of light-and dual-cured resin cements, and II. to compare two different protocols for obtaining the initial spectra of the uncured materials, to determine the DC of a dual-cured resin cement.
The null hypotheses to be tested were that there would be no difference in the degree of conversion and Knoop hardness between the light-and dualcured cements, regardless of the thickness and type of ceramic during photo-activation, and that there would be no correlation between the values of degree of conversion of the dual-cured resin cement when using two protocols to obtain the initial spectra of uncured materials.
Methodology
The spacers were fabricated with different ceramics:
• feldspathic porcelain (FP; IPS InLine, IvoclarVivadent, Schaan, Liechtenstein);
• lithium disilicate glass-ceramics (IPS e.max Press, IvoclarVivadent) of low translucency (e.max LT), medium opacity (e.max MO) and high translucency (e.max HT);
• glass-infiltrated alumina composite (IC; In-Ceram Alumina, Vita Zahnfabrick, Bad Säckingen, Germany) and
• polycrystalline zirconia (ZR; Ceramill Zi, Amanngirrbach, Koblach, Austria).
Feldspathic porcelain was prepared in a single layer (1.5-and 2.0-mm-thick). Spacers were prepared for other materials, in two layers of 0.5 or 0.8 mm thick core material veneered with 1.0 or 1.2 mm of veneer ceramic. All spacers were fabricated according to the manufacturers' instructions in the corresponding A2 shade.
Two resin cements were evaluated:
• a light-cured version (RelyX Veneer, 3M ESPE, St. Paul, USA) and
For the purpose of determining the DC, portions of ≈0.05 g of the non-cured cements were dispensed between two plastic films and pressed in a pneumatic press (Simadzu Corp., Kyoto, Japan) at 10 kN to obtain thin films of ≈0.1 mm. These films were light-cured for 40 s through the different ceramic spacers, performed by a LED curing unit (Translux Power Blue, Heraeus Kulzer GmbH, Hanau, Germany), with an irradiance of 1000 mW/cm².
Since it is difficult to obtain an accurate spectra of uncured materials for dual-cured resin cements, two different protocols were used for this purpose:
I. base and catalyst pastes were mixed and pressed in order to obtain a thin film, and II. thin films of base and catalyst pastes were obtained and analyzed separately, and an average of the resulting two spectra was arrived at.
After photo-polymerization, the specimens (n = 3) 13, 14 were submitted to Fourier transform infrared spectroscopy (FTIR 8400, Shimadzu Corp., Braz Oral Res., (São Paulo) 2013 Sep-Oct;27(5):403-9 tem (p < 0.001); however, the thickness was not significant (p = 0.322). All interactions were significant (p < 0.05). The light-cured cement was statistically superior, as compared with the dual-cured cement (61.9% and 55.7%, respectively). FP (65.4%) and e.max HT (65.1%) spacers showed higher DC for both resin cements. DC results for multiple comparisons are shown in Table 1 .
The results for the two different protocols used to obtain the spectra of the uncured materials of the dual-cured resin cement are shown in Table 2 . There were statistically significant differences between the DC values only when 2.0 mm-thick FP, IC and ZR spacers were used. There was a positive correlation (r = 0.94) between the DC values ( Figure 1 ).
KHN results indicated significant differences for all individual factors (p < 0.001). All interactions were significant (p < 0.001), except for luting cement × thickness (p = 0.209). Comparing the luting materials, the light-cured cement showed a lower KHN value than the dual-cured cement (22.0 and 25.6, respectively). Light-cured materials under 1.5 mm ceramics showed higher KHN values than those under 2.0 mm ceramics (26.2 and 21.3, respectively). Cements cured through e.max HT (27.2), FP (27.1) Kyoto, Japan), at 4 cm -1 resolution, and to 32 scans ranging from 4000 to 800 cm -1 . The absorption peaks of the aromatic double bonds were recorded at 1608 cm -1 (Abs 1608), and the peak of the aliphatic double bonds were registered at 1636 cm -1 (Abs 1636). The DC of each specimen was estimated as a relative percentage, by using the 2-frequency method and the tangent baseline technique. The readings were performed immediately for the light-cured resin cement, and after 10 min for the dual-cured resin cement. This enabled the chemical polymerization of the dual-cured resin cement to attain an advanced stage, as recommended by ISO 4049. 15 The DC (in percentage terms) was determined as follows:
where R is the ratio between Abs 1636 and Abs 1608, calculated for both cured and non-cured resin cement.
For the purpose of determining the KHN (kgf/ mm²), the specimens were prepared using a Teflon mold (diameter of 10.0 mm and thickness of 1.0 mm) and light-cured through the ceramic spacers for 40 s (Translux Power Blue). KHN was determined using a microhardness tester (MHT-230, Leco Corp., St Joseph, USA) on the top surface of the specimens (load of 10 g and dwell time of 10 s). Five indentations per sample (n = 5) were performed. The light-cured resin cement specimens were evaluated immediately after curing and the dual-cured resin cement specimens were evaluated 10 min after photo-activation.
Both the DC and the KHN data were submitted to three-way ANOVA and Tukey's test (α = 0.05), taking into account the luting cement, the ceramic system, and the ceramic thickness. The two different protocols used to obtain the spectra of the uncured material to evaluate the DC were analyzed using Student's t test (α = 0.05).
Results
Significant differences for DC were observed for the luting cement (p < 0.001) and the ceramic sys- Table 3 . A positive correlation (r = 0.58) was observed between the DC and the KHN (Figure 2 ). Individual correlation curves are also shown (r = 0.86 and r = 0.80 for light-and dual-cured resin cements, respectively).
Discussion
The first null hypothesis was rejected. Differences in the behavior of the two cements may be the result of differences in composition, amount of chemical activator and photo-initiators, and also of the general composition of the cement, including type and proportion of monomers. 16 Furthermore, DC results may be explained by differences in the reaction rates between the two activation mechanisms. Photo-activation is described as resulting from quick initial curing, whereas chemical activation is characterized by a slower and more progres- sive polymerization process. 17 In the present study, the results indicated that the microstructure of ceramics seemed to influence both the KHN and the DC. IC and ZR spacers accounted for a greater decrease in the KHN and DC values of the two cements, as compared with ceramic spacers with a higher content of glass matrix (porcelain and glass-ceramics). The effect of the ceramic microstructure on the properties of resin cements has also been previously reported in the literature. 18 The opacity, rather than the thickness, seems to be the main factor accounting for the differences found in DC and KHN among the groups in the present study. However, the thickness of indirect materials interposed during photo-activation is a key factor for light attenuation, and polymerization generally decreases as thickness increases. 12 Some studies employing FTIR or FT-Raman used thick (from 0.5 to 1.0 mm) specimens, 14, 19 approximately 10 to 20 times thicker than those used in the adhesive luting of indirect restorations. Furthermore, there is a difference in the behavior of thin films as opposed to bulk specimens. 20 In the present study, thin specimens were used to determine the DC, striving to simulate clinical situations of luting indirect restorations adhesively. Thus, the comparison of the results between DC and KHN may have been disparate (low coefficient of correlation), because thin films were used to determine the DC, and thicker specimens were used to determine the KHN.
Some studies have evaluated light-cured resin cements through ceramics. 3, 18, 21, 22 Overall, they correlated low KHN to low values of DC. However, in addition to the C = C conversion, indirect activation through ceramic materials may affect hardness by reducing the intensity of the light reaching the cement, favoring the formation of polymers with a small number of cross-link bonds. 23 Additionally, other characteristics may also interfere with hardness, including the chemical structure of the monomers and the type and density of the cross-link bonds. 24 This means that the relation between DC and hardness is not always straightforward. 25 Although light-cured resin cements are usually indicated for cementation of thin porcelain and glass-ceramic veneers, as well as inlays and onlays, in the present study, this cement was also evaluated under IC and ZR, for the purpose of comparison with the maximum polymerization achieved by curing without any spacer. Thus, a measure of maximum and minimum conversion of resin monomers could be established. By evaluating what the lowest DC would be by employing opaque ceramic spacers, the light attenuation caused by the decrease in the light transmittance through the different ceramics may be better understood.
The second null hypothesis was also rejected. In general, there is not much information on how the initial spectra of uncured materials can be obtained, thereby complicating the reproduction of the test method. This issue is important for dual-cured cements, because their polymerization starts immediately after mixing the base and catalyst pastes, making it difficult to obtain the spectra of uncured materials accurately. Because most studies indicate that the spectra of uncured materials are acquired right after mixing the base and catalyst pastes, it was decided that another protocol would be evaluated, in which thin films with equal amounts (by weight) of base and catalyst pastes would be obtained and analyzed separately, and an average of these two spectra would then be arrived at. In theory, this protocol would avoid obtaining the spectrum of a material already in the initial stages of polymerization. A similar method (with thin films of the individual pastes) has been described in the literature, but there was not much information on how the data was dealt with. 26 Furthermore, other studies comparing these two protocols were not found.
The present study showed that both protocols may be used, insofar as the majority of the groups showed no significant difference between DC values. The absence of major differences between the two protocols may be accounted for by the fact that self-polymerization of dual-cured resin cements is slower, as compared with self-cured cements. Moreover, the amount of self initiator (normally benzoyl peroxide) needed to induce the reaction in dualcured resin cements is smaller than in self-cured materials. However, in three groups with 2.0 mmthick spacers, the proposed protocol showed lower DC, as compared to the standard protocol [FP (-11.26%), ZR (-15.68%) and IC (-48.66%)]. Since there were no other studies to compare and validate these results, more studies are needed so that this alternative protocol may be used as another option to determine the DC of dual-cured resin cements, eliminating the bias of determining the spectra of uncured materials after the polymerization reaction has already started.
The physical and mechanical properties of resin cements may be affected by the thickness and microstructure of ceramic restorations. It is important to emphasize that light-cured resin cements should receive an adequate energy density to reach good polymerization and mechanical properties. Furthermore, only effective photo-activation may ensure clinically acceptable hardness levels of dual-cured resin cements, mainly in critical areas. Considering these issues, further studies are needed to find a way to compensate light attenuation aggravated by the interposition of indirect restorative materials.
Conclusions
The interposition of ceramic spacers during photo-polymerization significantly influenced the DC and the KHN of the resin cements evaluated. A positive correlation between the DC and KHN values was observed. Regarding the two different protocols used to obtain the uncured spectra of dual-cured resin cements, both methods seem appropriate for determining the DC.
